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SUMMARY

The hypothesis of the presence of overcooled water droplets in
Venus' cloud layer has been verified by extrapolation in the 8 mm wave-
length of absorption; these data were obtained from those on the phase
course of radiobrightness temperatures, and then extrapolated to micro-
wave and centimeter bands,

It is shown that the spectrum values of radiobrightness temperatu-
res, obtained at extrapolation, agree satisfactorily with the measured
values of radiobrightness temperatures on the night side of Venus.

The water content in the cloud layer is estimated to be of the order
of 0,.1~—0.3 g/cm3, whereas the absorption in the layer does not exceed
1.5 db in the centimeter band and is less than 5db in the microwave band
for wavelengths exceeding 3 mm.
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The questions of the nature of Venus' cloud layer were discussed in
[1— 8] in regard to the interpretation of optical observations and observa-
tions of radiobrightness temperatures of planet's night side.

Because of discrepancies between the computed and the experimental
data, the hypothesis of the water-droplet nature of the clouds did not find cor~
roboration in the works just mentioned.
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On the basis of analysis of the spectrum of Venus' radiobrightrness
temperatures the assumption was made in [10] of clouds composed of drop-

lets of hydrocarbon comﬁ)ounds having a relaxation time of dipole molecules
-12
of the order of 3.5- 10 ~‘sec.

Detailed data on Venus' emission in the microwave band, obtained in
1963-1964, and the refining of information on the absorption spectra of water

droplets provide the possibility of additional conclusions concerning the nature
of Venus' clouds,

Further consideration is conducted appropriately to the atmosphere
model of Venus with heated surface and '"'cold'' cloud layer with temperature
assumed to be in the range 270 £30° K.

According to [9, 10} the observation data of the phase course of
Venus' brightness temperatures in 10, 3.2 and 0. 8 cm may be represented in
the following form

Tx(10) = 622 + 41 cos (® =+ 21°);
Tx(3.2) = 621 + 73 cos (® =+ 17°.7); (1)
T (0.8) = 427 + 41 cos (@ — 21°).

The closeness of the mean values of radiobrightnéss temperatures
in the 3.2 and 10 cm wavelengths allows us to assume a low value of atmo-
sphere absorption in that portion of the spectrum, and to estimate by the same
token the value of the radiobrightness temperature of planet's surface,

The value of the radiobrightness temperature of the dark side, averaged
along the disk, is taken to be 548° in accord with (1), and that of the lit side at
694° K,

The difference in spread of the values of radiobrightness temperature
in 3.2 and 0.8 cm wavelengths is used for the determination of atmosphere
absorption in 0.8 cm (it is assumed that the temperature of Venus' cloud layer
responsible for the emission in the 8 mm wavelength depends little on the value
of the phase angle).

Taking into account the above considerations, the ratio of the fluctua-
tion ranges of the observed brightness temperature in 3.2 and 0.8 cm may be
represented in the form
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where -Tgo is the value of the radiobrightnes‘s temperature of the 1lit side of
Venus, averaged along the disk and 7,, is the same for the night side;
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is the tabulated function of integral absorption ¥. The value of the 1ntegra1
absorption in 0. 8 cn is determined, according to (2) in the form

AT (0.8) ]
r(3.2)
Substituting into (3) the values of variation amplitudes of radiobrightness tem-

peratures according to observation data of the phase course (1), we obtain
the estimate of the integral absorption as being T (0. 8)= 0. 32.

1(0.8) = arg [ (3

The obtained estimate of the value of integral absorption in 8 mm is
extrapolated in the microwave band in the asssmption that the absorption is
determined by a cloud layer consisting of water droplets.

Admitting that the elasticity of water vapors in the layer does not
exceed 5mb, and disregarding the contribution from selective absorptions,
we shall utilize the extrapolation correlation in the form

C(r) Ao
T(A) = 700) {5 (4)
() =- (}::") ﬂWdl (5)

H,

where W is the volume content of droplet moiture; Iy, /I; are the heights of
the upper and lower edges of the clouds;
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The values of the true ¢'(A) and imaginary €”(A) parts of the dielectric cons-
tant are determined by the well known formulas:

£ (x)—sm-{—ﬁT e’ ()=

where ¢« is the value of the dielectric constant in the region i<

1+2J, (7
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€, is the value of the dielectric constant in the region of zero frequencies;
A 8 ® =
I/ f—td 2;‘[-) T], (.__gtz_) .

while Tp is the relaxation constant. According to data brought out in {38] , for
temperatures, exceeding the melting temperature, the constant f» does not
practically depend on temperature, whereas the constants €&, and T, vary sub-
stantially with temperature change.

The values of the Debye constants in the supercooling region were ob-

tained by way of extrapolation of the available TABLE 2

data to temperature range below the melting

temperature. !
A l 0.40.8 , 1.6/0.8

The values of the Debye constants ac-

cording to data of [11] for the temperature ,

range above the melting point and the extra- kX, do) ‘ 2.7 3.2

polated values for the temperature range (A ) | 2.4 3.3

below the melting point are compiled in Table 1.

The experimental verification of the results of extrapolation was made
at radiometric measurements of absorption in the terrestrial atmosphere
clouds in the wavelengths 0.4, 0.8, 1.6 and 3.2 cm.

The data of experimental estimates of the values of relative absarptions
taking into account the measurement errors agree well with the values of absorp-
tion computed by (4) and utilizing the values of Table 1,

The computations of the values of absorption in 0.4 and 1. 6 cm waves,
referred to the absorption in 0. 8 cm, and the corresponding experimental data

for the cloud layer at temperature of — 5°C, are compiled in Table 2.
C(A) M
k(MAo)=——-| =
are the computed values of relative absorptions;
A)
k(A o) = - &
( AO) T Ay)

are the experimental values of relative absorptions.

The absorption spectrum of Venus' cloud layer, obtained with extrapola-
tion by (4) of the value of absorption in 0. 8 cm wave in the assumption that the
temperature of the layer is 260 K, is plotted in Fig.l; the values of the estima-
tes of integral absorption according to measurement data of radiobrightness
temperature of Venus' night side for parameters corresponding to the selected
model, are noted also in Fig. 1 for comparison.

The discrepancy in the estimates of absorption does not exceed 1 db.

The estimates of the temperature of the absorbing layer in the atmo- .
sphere of Venus can be made more precise by comparing the computed and




the experimental values of the spectrum of radiobrightness temperatures
of the night side of Venus.
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Fig. 1. - Extrapolated spectrum of Fig. 2.- Computed and experimental
integral absorption in a cloud layer values of the spectrum of radiobright-
casisting of supercooled water drop- ness temperatures of the night side of
lets. Venus: 1 — Tg = 260° K;

2 — To=280°K,

We shall make use for the somputation of the spectrum of radiobrightness
the radiation transfer correlation in the form

Tu(r) = Lu2l (3, To)] -+ To 1 —2E] (2. T) . (9)

where 7;” is the value of radiobrightness temperature on the night side of the
surface of Venus , averaged along the disk; T, is the temperate of the iso-
thermic absorbing layer; /X[t(A, To)] is the integral function, see (2). The depend-
ence of the form of the function of integral absorption on the temperature of

the absorbing layer allows the estimate of the value of layer's temperature

from the condition of agreement of experimental and computation data.

Thus, Fig.2 shows that a satisfactory agreement of computed and experi-
mental data is reached for water-droplet absorbinglayer model with temperature
250 == 260° K, while the computed values of radiobrightness temperatures for
the modelewith layer's temperature exceeding 270 © K, are deflecting noticeably frc
from the éxperimental data (Note that in cupercooling contitions at temperature
of the layer of about 260° K the value of the constant relaxation of water droplets
constitutes, according to extrapolation data, 2.5 - 10-12 sec, which does not
contradict the conclusion about the anticipated parameters of the cloud layer
brought out in [10] ). '

The obtained data on the value of integral absorption allows to estimate
the content in droplet moisture in the atnosphere of Venus. According to (5)

we have ",

Wy = Wil =

I,

T(A)A
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Substituting in (10) the value 1(1) in Fig. 1, we obtain the estimate of
the content of droplet moisture in the form

W “’;] 0.4 - 0.3 glea?,
. em?

which, for clouds with water tenor to 1 g/cm3 corresponds to layer thickness

up to 3 km.

The anticipated correction to the estimate brought up of moisture content
on account of crystalline structure of cloud layers does not exceed 20 -+ 30%.

It should be noted that the data brought out are obviously insufficient for
an unambiguous conclusion on the nature of Venus' cloud layer; further detailed
investigations of emission spectrum peculiarities are required, including the
observations of the phase course pattern in the entire microwave band.
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